Rosemary (Rosmarinus officinalis L.) is an aromatic species with a relevant economic value due to its use as fresh condiment or dry spice. Spontaneous populations of rosemary spread in the Mediterranean basin and a high genetic variability is suitable to new cultivars selection for intensive growing management. 
INTRODUCTION
Rosemary (Rosmarinus officinalis L.) is a spontaneous species widely spreading in the Mediterranean basin. Because of its aromatic and aesthetical characteristics, it is suitable for: essential oils from its leaves and branches; flavouring and seasoning of food; and as an ornamental plant (Prakash, 1990; Tesi, 1994) .
The natural range of rosemary includes the Mediterranean regions of Europe, Asia and Africa, as well as Sardinia, Sicily, Balears, Elba and other minor islands (Camarda and Valsecchi, 1983) . Rosemary is a thermophylous and xerophytic species and grows on sanded and rocky soils, next to the sea and in arid and sunny calcareous locations, not over the high hills (Camarda and Valsecchi, 1983; Giugnolini, 1985) .
Increasing use of this species is mainly due to the commercialisation of its fresh shoots as condiment and has stimulated its cultivation.
Indiscriminate supplying of biomass from wild populations of rosemary has resulted disrupted the ecological balance of the species . The intense, recurrent and selective biomass removal may cause a regression of the species diffusion 128 and a reduction of the biodiversity of rosemary.
Therefore, in order to maximize the production of rosemary biomass the need for selecting new cultivars suitable for intensive cultivation has been stressed (Mulas and Deidda, 1998) . Commercial cultivation of rosemary presents advantages in supplying the perfume and pharmaceutical industries which use the essential oils as raw materials (Mulas et al., 2002) .
This study was part of a research programme started in 1996 to analyse and characterize spontaneous rosemary genetic resources of the Mediterranean undergrowth in Sardinia. The first phase of the research identified and in situ described 31 mother plants (Mulas et al., 2000) . Shoots obtained from mother plants showed considerable phenotypical variability for leaf number, size and density. After cutting propagation, selected clones were transplanted in a field collection of the Experimental Farm (EF) of the University of Sassari, in Fenosu (OR). Phenotypical observations on plant architecture, phenology, biometrical analysis of shoots and analysis on the composition of the essential oils were made on these clones (Mulas et al., 2001) .
This work reports the results of the studies made on 6 cultivars classified on the basis of their essential oil characteristics, plant habit, phenology, green biomass biometric characters and their suitability to the intensive cultivation.
MATERIALS AND METHODS
Six clone selections were examined in the field collection of the EF, in the Central West of Sardinia. The field was established in 1998 using 15 plants for each clone. Clones came from mother plants previously selected and in situ described for characteristics of growth and development, vigour, plant shape, and phytosanitary status. Rows were oriented in North-South direction and were 3 m apart. Plants in the rows were spaced 1 m apart. In summer, plants were sprinkler irrigated with a total volume of 1,500 m 3 /ha. In July 1999, when the very high temperatures (over 42°C) reduced the vegetative growth of spring shoots, ten of these shoots were cut from each plant for biometrical and morphological analysis. Shoot length and weight, leaf length and weight, and the percent of the leaf weight of total shoot weight were measured on three replications of fifty shoots for each sample.
Phenological observations were done every two weeks, with a particular regard to the record of the shoot growth, the presence of flowers and the ripeness of fruits.
Determination and characterization of essential oils were conducted in 2001 in March and in July. Spring shoots were taken from each of the 6 clones, immediately put in plastic envelopes and taken to laboratory where fresh leaves were manually separated from the wooden part. Fresh leaves were then subjected to distillation in a vapour current for 45 minutes. A Clevenger distillation unit with a 2 L flask, 300 g of leaves and 1 L of distilled water were used for each distillation. Three distillations were performed for each cultivar and the essential oil was placed in glass test tubes and stored at -18°C.
Leaf dry weight was obtained by putting the fresh material in the oven at 105°C for 24 hours. Analysis of the essential oil composition of the 6 cultivars was made by gaschromatography.
Data were subjected to ANOVA, by the MSTAT-C software in order to describe the influence of cultivar and harvest-time on the essential oil composition. A factorial analysis with a split-plot design was used. The mean separation was made by application of the Duncan's Multiple Range Test.
RESULTS AND DISCUSSION
The description of six rosemary cultivars placed in the repository at Fenosu (EF) is provided below, as well as in Fig. 1 (phenology) and Table 1 (essential oil composition).
'Cala Gonone' was selected in Cala Gonone (NU) on a soil with a calcareous matrix. The plant is a shrub with a spreading habit and medium vigour. Spring shoot length was 29.8 cm and internode length was 1.35 cm. Leave density was 8.4/cm of shoot. Leave length was 1.52 cm and width 0.16 cm. Leave colour was green on the upper side and ash-green on the lower surface. Vegetative growth has its peak in spring and continue until November with a small pause in December. Growth restarts in the second half of January. Flowering time is from June to November. Numerous new flowers are produced in January, February, and March. Fruits ripen mainly in winter. This cultivar shows a good vigour and an abundant flowering. The essential oil is particularly rich in 1,8 cineole, borneol and bornyl acetate.
'Sette Fratelli' was selected near to the Sette Fratelli Massif in the region of Gerrei (CA) on a soil with a granitic matrix. The plant is a small and scarcely vigorous shrub with a prostrate habit. Spring shoot length was 31.9 cm and internode length was 1.07 cm. Leave density was 14.8/cm of shoot. Leave length was 1.76 cm and width 0.10 cm. Colour was green on the upper side and ash-green on the lower surface. The vegetative activity is at the top in spring. The flowering time starts in August and lasts uninterruptedly until the half of April. The ripeness of the fruits is in March-April. Cultivar with a prostrate shape and low vigour of the plants. Essential oil is particularly rich in verbenone.
'Gerrei' was selected near the Sette Fratelli's Massif on a soil with a granitic matrix. The plant shows a medium vigour and an upright habit. Spring shoot length was 30.3 and internode length was 0.84 cm. Leave density was 18.3/cm of shoot. Leave length was 1.62 cm and width 0.13 cm. Colour was green on the upper side and pale green on the lower surface. The vegetative activity shows the maximum intensity from May to July. The flowering time goes from October to March with a short pause in January. Fruits ripen in May. Cultivar with a very upright habit, shoots with close internodes and a great number of leaves. The composition of essential oil is particularly rich in verbenone.
'Sant'Antioco' was selected on Sant'Antioco island (CA) on a soil with a sandstone and calcareous matrix. Plants show an high vigour, with spread vegetative habit. Spring shoot length was 34.9 cm and internode length was 1.51 cm. Leave density was 7.8/cm of shoot. Leave length was 1.47 cm and width 0.18 cm. Colour was green on the upper side and ash green on the lower surface. Vegetative activity is at its top in spring and lasts until December. The flowering starts in July and goes with no interruption until the beginning of December. Ripen fruit are present at the end of March, for the entire month of May, in October and until the end of January. Cultivar with a very high vigour. The essential oil resulted particularly rich in camphor and it has 1,8 cineole.
'Vignola' was selected near Vignola (SS) on a soil originated by a scistic matrix. The plant is a shrub of medium vigour and an intermediate-upright habit. Spring shoot length was 34.1 cm and internode length was 0.94 cm. Leave density was 12.9/cm of shoot. Leave length was 1.43 cm and leave width 0.15 cm. Colour was green on the upper side and pale green on the lower surface. The vegetative activity is at the top in spring and goes on until December. The flowering time lasts nearly the whole year with short interruptions in April, June, November. The ripeness of the fruits starts in March and goes on until June. Cultivar characterized by shoots with short internodes and abundant leaves.
'Costa Paradiso' was selected near Vignola (SS) on a soil originated by a scistic matrix. The plant has a compact habit and a medium vigour. Spring shoot length was 33.2 cm and internode length was 1.07 cm. Leave density was 11.3/cm of shoot. Leave length was 1.20 cm and width 0.14 cm. Colour was green on the upper side and pale green on the lower surface. The vegetative activity starts in February and finishes in November. In February and March we observed the first flowering, then new flowerings occurred in July and December. The ripeness of the fruits starts in April and goes on until December. Essential oil is characterized by high percentages of borneol and bornyl acetate.
This work has shown that significant differences exist among rosemary cultivars obtained from wild populations in Sardinia. 'Sette Fratelli' shows a continuous flowering from August to April of the following year (Fig. 1) . Fruits are discontinuous and copious only in the period from March to June and from October to the beginning of December. 'Vignola' cultivar showed a copious flowering in January, March and September. 'Cala Gonone' also shows a copious flowering. Flowers are on the plant from January to April, followed by an interruption of some months. Flowering starts again in July and go on until February of the following year with short interruptions. Production of fruits is huge, particularly between October and June.
'Gerrei', 'Sant' Antioco' and 'Costa Paradiso' have the following phenological trend: the main time of flowering is observed between the late summer and the beginning of winter. Fruits are not very copious in none of the three cultivars and in particular in the 'Gerrei' selection.
The composition of the essential oil is variable among the six cultivars, while it is constant, within the same cultivar, in the two different periods of harvest (spring and summer). Characterization and stability of the essential oil composition of each selection was demonstrated by factorial ANOVA (Table 1) . Essential oil of 'Cala Gonone' showed the highest percentage of camphene (8.0%) and a high content of borneol (21.1%).
'Sette Fratelli' shows a concentration of α-pinene of 46.0% and the highest content of verbenone (13.8%). The essential oil of 'Gerrei' shows a relatively high presence of myrcene (2.0%) and of limonene (5.1%); 'Sant'Antioco' shows the highest value of camphor (21.4%), and the 18.6% of 1,8 cineole.
'Vignola' has an essential oil with a good content of α-pinene (43.8%) and of bornyl acetate (11.5%). This composition is similar to that of the 'Costa Paradiso' which also shows a high presence of borneol (26.0%).
CONCLUSIONS
The selected clones are interesting from many points of view and particularly promising for the intensive growing. 'Sant'Antioco' cultivar for example, thanks to its high vigour and upright habit, is suitable for this use.
The first analysis of the essential oil composition showed variability among clones, whereas not significant difference were detected in the most composition of the essential oil within the same cultivar sampled in different periods of the year.
Some selections have shown essential oils whose composition results strongly characterized by the presence of one or more compounds. For example, 'Sant'Antioco' essential oil which is extremely rich in camphor, while 'Sette Fratelli' and 'Vignola' varieties show an essential oil characterized by a high percentage of α-pinene.
Results achieved are more interesting considering the little bibliography existing about it. It will be necessary, anyway, doing further observations. Significance (by factorial ANOVA): ns = not significant; * = P ≤ 0.05; ** = P ≤ 0.01; *** = P ≤ 0.001. 
Tables

